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HIGH SENSITIVITY EQUIPMENT FOR MEASURING THE HORIZONTAL ELECTRIC
FIELD_STRENGTH COMPCNENT IN THE FREQUENCY INTERVAL OF 1-32 Hz
ON THE SEA BOTTOM IN SHALLCW WATER

By

T. Strarup and G. Tacconi

ABSTRACT

A description of a bottom-mounted slectric dipole with associated
orientation indicator and electronics is presented. Recordings

made with the equipment are shown,




INTRODUCTION

On completion of the basic study of the measurement of the horizontal
ELF electric field strength at sea using the equipment descrited in
Ref, 1, interest shifted to the characteristics of the background
noise as observed at the bottom of shallow water areas, Such &n
investigation — for example the measurement of correlation in
space of the observed ELF electric signals — requires 2 very
sensitive sensor and a means to orient it accurately. SACLANTCEN,
following experience with floating systems, selected a high-
gensitivity electric dipole system for the bottom-mounced array.

A brief description of the dipole and associated electronics is
given, together with an example of background noise recorded at

25 m depth near the island of Tino in the Gulf of La Speiia.




1, DESCRIPTION OF EQUIPMENT

1.1 Specification

Ideally, the dipole system should measure the potential present

in an undisturbed sea and have negligible self-noise. In practice,
of course, this ideal can only be approximated. In Ref, 1 the
general problems of dipole design were discussed in some detail,

It was pointed out that the self-noise, excluding motion, of a
dipole is approximately proportional to the inverse square root

of the electrode's dimensions but directly proportional to their
separation, Thus it is more advantageous to have a large separation
than to make large electrodes., It is also desirable to produce a
system that can be constructed eacsily, is not difficult to lay or
to recover, and is cheap, For these reasons a modular design was
chosen, in which the individual modules are easy to handle and the

separation can be varied by the insertion of extra sections,

1.2 Electrode Construction

Reference 1 describes an electrode made by spirally rolling sheet
zinc. Due to the baffling required to reduce flow noise, its

effective area was limited to that of the end of the spiral. It is
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possible, however, to increase the e’feciuive area of the electrode,
without making it noticeably more difficult to handle, by increasing
its length while holding the diameter constant, This of course

requires a different baffle arrangement,

It was found experimentally that flow noise could only be
effectively eliminated by using a baffle consisting of two
ccncentric, perforated tubes surrounding the electrode material,
With this arrangement only the outer layer of a spirally-wound
electrode would be effective, the impedance of the water path
precluding a significant contribution from the inner layers, It is
important, however, as shown in Ref, 1, that the physical area of
the electrode in contact with the water be considerably greater
than the effective area, otherwise the polarization introduces a

frequency-dependent impedance,

The increased surface area car be obtained in several ways, for
example by using a corrugated conctruction, stacked disks, or
parallel rods, For ease of construction and re- roduction, the
rod construction was selected. Measurements on t..e final dipole
showed that the impedance was independent ¢f {requency between

1 and 100 Hz,

The elecirode constructior is shown in Fig. 1. It consists of
fifty-four 6-mm zinc rods 1.5 metres long soldered to a 10 cm diam
zinc end plate. The rods are held in position by plastic dividers
(Fig. 1b) that also serve as bulkheads to reduce water fiow., To

avoid bimetallic contacts in the water, the soldered points were
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covered with araldite, The rod assembly was mounted in a double,
perforated plastic tube container which served effectively to
reduce the water motion to a negligible level,

The electrode may be approximated by a prolate ellipsoid with major
and minor axes of a = 75 cm and b = 4,2 cm respectively. It

was shown in Ref, 1 that the resistance of a dipole consisting of

two such electrodes is given by:

b
arctarh 1.-(;)' ¥*

Ry = —

2n o a 1-(2)

Substituting a and b and taking the conductivicy of sea water
as 0 = 4 mhos/m one obtains the value Ry = 0.2 ohms, The
nlastic protective tubes, however, increase the water path resistance

so that in practice the resistance was found to be 0.6 ohms.

1.3 The Dipole Frame

The dipole frame, Fig. 2, consists of two parallel PVC tubes
separated by spacers of the same material., For ease of handling
and to make it masy to change the length, the frame is composed of
7 -m sections. The electrodes are fixed to the frame with plastic

screws, A completed dipole is shown in Fig. 3.

+*
In Ref, % this equation (Eq. 2.14) was incorrsctly written with arctan
instead of arctanh, Tha above equation is the correct one.




With this type of construction four dipole leangths are possible,

14 m length hasg been used. These four lengths and

PRarmwee weew—

their respective noise levels are listed in Table 1. The third
column gives the theoretical noise level for an unprotected
electrode system without taking {low noise into account. Hnwever,
the equivalent noise voltage is increased ty factors of 2,2 and
4.0 due to the perforated covering used to reduce flow noise and
the preamplifier respectively, The calculated effective

operational noise level is that listed in the fourth column,

TABLE 1

Physical Electric Minimum theoretical | Calculated noise levsl
length length noise level with protective

(m) (m) covering and amplifier

(V/m Mz) (v/m JHz)
7 5 1.6 x 10712 10.4 x 10~11

14 12 4.8 x 10712 a.3 x 10~

21 19 3.1 x 10712 2.8 x 107

2 26 2.2 x 10712 2.0 x 16™"

1,4 Transformer

To match the low dipole impedance to the cable, a specially made

transformer is attached to the dipole frame, The same method of




construction was used for this transformer as for that described

in Ref, 1, The details of construction are as roilows:

Tape wound caore
Cross saction 30 x 30 mm

Inner diameter 80 mm

10
éq T—°
2 gs 1~2 and 3- 14
7
E.

I3 5-6 and 7- 8
T, 9-10 and 11-12
are wound in parallel
3
Winding Schame
Wire Turns
(Strands x Diam)
1- 2 B x 0.3 mm 175
3~ 4 8 x 0,3 nm 175
5- 6 2 x 6 x 0,5 mm 34
7- 8 2 x5 x 0.5 mm 34
9-10 8 x 0.3 mm 160
11-12 8 x G.3 mm 160

To ensure matched characteristics the windings were wound in matched
pairs, as shown, The transformer container ic seen in the centre

of the dipole in Fig. 3.




The characteristics of the cable used to transmit the signal from

the dipoles to the amplifier onshore are:

i) 4 conductors: tinned copper 0.9 mm® (30 x 0.2 mm strands)
ii) dc resistance: 20 Q/km
iii) Capacity between pairs of wire: 110 pF/m
iv) Screen: steel braid, wire 0,30 mm
v) External picket: 1 mm, polychloropreune
vi) Average outer diameter: 11 mm

vii) Mechanical strength in excess of 600 kg

In practice the two conductors are connected together to form a
single shielded pair. Marsh and Marine watertight connectors

are used chroughout,

1.6 Amplifier

A completely new amplifier was designad and constructed to overcome
some of the problems associated with the one described in Ref., 1.
The circuits are shown in Figs, 4 & 5. The pre-amplifier is a low
noise, balanced dc amplifier with heavy faedback from the output

to the first transistor. The input impedance ie 50 kQ and the

gain 83 dB. The low frequency and 50 Hz interferences are

10
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attenuated by separate variable-gain feedbiack loops, This provides
a 6 dB/oct low-frequency roll-off variable from 0,5 to § Hz,

and a narrow-band 50 Hz rejection from O to 30 dB, The frequency
response is shown on Fig, 6., The noise of the preamplifier

with 100 Q as generator impedance is given by a noise factor F

rarging from 12 dB at 1 Hz to 8 dB at 25 Hz,

1.7 Direction Indicator

The direction indicator, which is fixed to the centre of the dipole

frame, consists of a vertically-suspended vibrating coil ( Fig. 7).
The magnetic flux through the coil is given by

® = AH cos (8, + 8),
where
A = area of coil,
H = horizontal magnetic field strength,

8 = average direction of the axis of the coil

relative to magnetic north,

8§ = defle :ion of coil from 6.

The voltage generated in a coil of n turns is, then, using

rationalized MKS units,

-, 92 _ . a8 . ..
\ n ot n AH sin(8, + 8) at Volts

14
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For low amplitude simple harmonic motion we may take

8= n cos w,
giving
V=1 AH A6 nw sin wt sin(6, + n cos wt) .

This is a complex function whose amplitude and harmonic content

depend on the average direction, 6 from magnetic north,

o?
We can obtain the first few harmonics by expanding
V(x) = V_n sin x sin(8, + n cos x)

in a Fourier series, where V_, 1is a constant, and x = wt.

t
The coefficients of the k h harmonic are given by

1 rzﬂ
a = J V(x) cos kx dx,
-]
and
b = AL FZ" V(x) sin kx dx
k n J :

Since V(x) is an odd function,

16
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bk can readily be found using the relations

Jrﬂ sin{ncosx) cos n x dx = 2n sing-zﬁ Jn(n)
-n
and
r nn
J cos(Ncosx) cos n x = 21 cos ry Jn(n).

-n

After simplification we cobtain

b = k-1
(-1) Z h AH w2k sin g, Jk(n) : k cdd,
k.
-(-1)2 n AH w2k cos g, Jk(n) : k even,

where Jk(n) is a Bessel function of the first kind,

For small amplitude vibration the Bessel function may be

approximated by

J (n) =
k k! 2

and we cbtain, keeping the first two harmonics,

V = n AH wn(sin g, wt-+§ cos g, sin 2 ut).

17




as

First, it should be noted that since n<< 1 the fundamental
component, w, s the largest, except as g, approaches zero.
The null when the axis of the coil is in the magnetic north-soutg
direction can be used to align the device,

As constructed, the direction indicator consists of a 3125-turn coil
of area 7 X 10-3 n® suspended from the top of the watertight container
by a universal joint (Fig. 8j. The coil is given a three-degree
amplitude, 7.2 Hz vibration by means of a dc motor-driven eccentric
disk, The motor is shieldsd by an iron container, The motor current
and iron contaiuer introduce an error in the field direction, but

it has been found that for practical purpouses the error is the same

in each of the units constructed, so that the alignment of the
electrodes can be accurately established by this detector.

-

Using a horizontal field strength of 2.25 x 107’ Wb/m® one obtains

V = 832(sin 0, sin wt + .052 cos 8, sin 2 wt) uV .

[

An error of 1° in alignment thus produces a 29 puV peak-to-peak
signal., A simple narrow-band amplifier and rectifier serves as a

null-detector,

18
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2, EXPERIMENTAL RESULTS

Measurements were made with a pair of dipoles near the Island of

Tino, (Fig. 9).

Two dipoles were assembled on the shore and towed suspended 1 metre
below the surface to the desired location, A system of ropes was
then used to slowly lower the dipole while the direction was
monitored onboard the launch ship., Orientation to an accuracy

of 2° was found to te practical,

One of the cables was caught in a ship's anchor shortly after
laying, and its cable was damaged beyond repair. Thus only a short
length of cable was available for one of the dipoles, which had to

be placed in much shallower water than originally planned.

The recording system was that shown in Fig, 10. A typical

recording of the background signal received on the two dipoles and of the
difference signal is shown in Fig. 11, The corresponding power
spectra obtained with the ISAC Statistical Analyser are presented

in Fig. 12. Since the Schumann resonances at 8§, 14, 20 H4z are not
evident in the spectrum of the difference signal, the cancellation

of locally-generated industrial noise - still well above

--.strumentation noise — was not optimum, It is possible, though

19




FIG. 9 POSITIONS OF DIPOLES IN THE GULF OF LA SPEZIA
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unlikely, that microseismic activity was 2 contributing noise source,
It is believed that recording the difference gignal rathar than
deriving it from the playback would improve the canceilation.

Also, the direction and magnitude of the electric field is affected
by geological parameters such as distance from the coast line,

the water depth, and bottom impedance, Due to the short cable

available these were not optimized for the recording shown here.

24




CCNCLUSION

Reference 1 describes an electrical dipole supported by a passive
platform at the sea surface, while the present paper describes

the equipment used to measure the bottom field strengths in the
sea, It would have been interesting to investigate the possibility
of having an electric dipole supported by a moving platform, but
this problem will not be taken up. The sensitivity obtained

(5 x 10-'11 V/m //th for the 14-m dipole) could be improved by
increasing the ;ipole length, and by the use of a better low-noise
amplifier, The electric dipole mentioned is not restricted to
measurements in the frequency intervai 1-32 Mz, Howesver, cutcide
this range new problems develop., With slow-varying dc signals

the polarization noise of zinc electrodes is too dominant; in this
case non-polarized Silver-Silver Chloride electrodes are believed
to be more useful, At high frequencies, the dipole impedance

is couplex and the current density is non-uniform along the dipole,
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